Cloned human DNA fragments containing globin genes are transcribed in vitro to form discrete RNA species. One transcription unit is located approximately 1500 base pairs upstream from the C-y-globin gene. This transcript is partially homologous to a polymerase III template located approximately 1000 base pairs upstream from the 5-globin gene and to DNA located a short distance downstream from the fl-globin gene.
The structure of the genes for the non-a-chains of human fetal and adult globins is currently under intensive investigation. Genetic studies (reviewed in ref. 1) , gene mapping data by gel blotting analysis (2) (3) (4) (5) (6) , and analysis of cloned gene segments (7) have established that there is a linked cluster of four genes for these globin chains in human chromosomal DNA. The non-a-globin genes occur in the order: 5' Gy Ay 6 -3'. The first two genes encode the non-a-chains of fetal hemoglobin [that differ by the presence of either glycine (GCy) or alanine (Ay) at amino acid 136], and the latter two genes encode the non-a-chains of hemoglobin A2 and hemoglobin A, respectively. This cluster of genes covers more than 35 kilobases. The DNA corresponding to the codons for the amino acids of the globin chains constitutes scarcely more than 5% of the total DNA in this region. Perhaps another 3% of the DNA is used to encode the untranslated 5' and 3' ends of the mature messages. Less than 15% of the remaining DNA is a template for intervening sequences within the genes. In addition, the extent of globin-related DNA sequences situated to the 5' side of the -y-globin gene or to the 3' side of the f3-globin gene is unknown.
Therefore, almost 80% of the DNA surrounding the nona-globin genes is not accounted for as a template of recognized mRNA precursors. The specific function of this remaining DNA is almost entirely unknown. Deletions covering portions of the adult globin genes and their'flanking DNA sequences (and, in at least one case, of the Ay-globin gene) may lead to variable failure to switch off fetal non-a-globin chain production after birth (5, 6) . Of note, patients have been described who are homozygous for hereditary persistence of fetal hemoglobin, a disorder due to a total deletion of 6-and f3-globin genes and their immediately surrounding DNA. These patients exhibit no phenotype other than a slightly decreased hemoglobin concentration in their erythrocytes and a persistent synthesis of fetal hemoglobin at a high level in all of their erythrocytes, indicating that no essential or obvious gene other than the globin genes is included in this region of DNA.
Faithful in vitro transcription systems have been used to gain important insights into the modes of gene regulation in prokaryotes. Faithful in vitro transcription of animal cell genes
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MATERIALS AND METHODS
Cells. The human HeLa cell line was obtained from J. Bertino and was maintained as a suspension culture at 370C in Joklik's modified minimal essential medium (F-13, GIBCO) supplemented with 7% horse serum (GIBCO).
Escherichia coli strain X1776 (11) , harboring recombinant DNA plasmids, was cultured in L broth supplemented with diaminopimelic acid (100 yg/ml) and thymidine (40 mg/ml).
DNA. The E. coli strains harboring plasmids bearing the genomic sequences of the human ,B-and 6-globin gene regions were kindly supplied by T. Maniatis and consisted of EcoRI fragments of clone Hf3G1 (7) subcloned in plasmid pMB9.
Plasmid pAB36 y contains a 7.0-kilobase genomic EcoRI fragment that includes the 5'-coding sequence of the G-y gene, its two intervening sequences, and 5.7 kilobases of DNA situated upstream from the G~y-globin gene. This plasmid, constructed in this laboratory, will be described in a future publication. All plasmids were propagated in E. coli strain X1776, and the amount of plasmid was amplified in cultures by the addition of chloramphenicol (25 Mg/ml) to exponential phase cultures.
Plasmid DNA was purified by the cleared lysate procedure (12), using Triton X-100, followed by equilibrium density gradient centrifugation in ethidium bromide/cesium chloride (13) .
Nucleases. Hpa I, Sac I, Pvu II, Xba I, Xho I, Pst I, and HindIll were purchased from New England Biolabs and were used in the buffers recommended by the supplier. BamHI (14) , Bgi 11 (15) , and EcoRI (16) were purified by established procedures.
E. coli exonuclease III and 5'-exonuclease frQm E. coli infected with bacteriophage A were purchased from New England Biolabs and used in the recommended buffers.
Gel Blotting Analysis and RNA-DNA Hybridization. DNA fragments were fractionated by ethidium bromide/agarose gel electrophoresis. After photography under short-wavelength UV light, the DNA fragments were denatured in situ and blotted onto nitrocellulose filters by the method of Southern (17) . Hybridization with gel-purified 32P-labeled RNA (105 cpm) was followed by autoradiography. Liquid hybridization of 32P-labeled RNA to exonuclease-treated DNA followed by treatment with RNase A was essentially as described (18) . RNA Synthesis and Preparation. Cytoplasmic extracts were prepared from HeLa cells exactly according to the method of Wu et al. (8, 9) . The standard reaction mixture contained 1 Ag of DNA, 10 ,Ci (1 Ci = 3.7 X. 1010 becquerels) of [a-32P]GTP (Amersham; 300 Ci/inmol), and 30 ,ul of cytoplasmic extract in a total volume of 100 ul. The reaction mixture was as described (8) except that the concentrations of UTP and GTP were 100 and 15 ,M, respectively. After incubation at 29°C for 3 hr, the reaction mixtures were extracted three times with an equal volume of phenol; th% RNA was precipitated with 2 vol of ethanol and fractionated by electrophoresis in 7 M urea/5% polyacrylamide gels.
To prepare larger quantities of RNA for hybridization and oligonucleotide analysis, the components of the reaction mixture were increased 15-fold, and 400-800 ,uCi of [a-32P]GTP was used in each reaction. After gel electrophoresis, the positions of the RNA bands were determined by autoradiography, and the appropriate gel region was excised and extracted as described (19) .
Purified RNA was digested with RNase T1 and the oligonucleotides were fractionated by electrophoresis on Cellogel strips at pH 3.5, followed by homochromatography on thinlayer plates of DEAE-cellulose as described (20 (Fig. 4) 5' end of the -y-globin mRNA (this site is indicated by the arrow in Fig.  1 ). The polarity of transcription on this plasmid (indicated by the direction of the arrow in Fig. 1 ) was determined by hybridization of the transcript to exonuclease III and A exonuclease digests (18) of A plasmid DNA cut at the Hpa I site. The RNA hybridized to the exonuclease III-treated DNA but not to the A exonuclease-digested DNA and therefore the polarity of the RNA was in the same 5' -3' direction as y-globin gene transcription. Similar experiments with HindIII-cut E plasmid DNA showed that the polarity of the E fragment transcript was the same as that of the 6-globin mRNA.
The transcript from the A fragment was also hybridized to gel blots of EcoRI-digested recombinant DNA plasmids containing each one of the EcoRI restriction endonuclease fragments of the 6-and 13-globin genes indicated in Fig. 1 . The results (Fig. 4) The molecular weights of the transcripts of the A and E DNA fragments were determined by electrophoresis in 5% polyacrylamide gels in the presence of 98% formamide (21) . When compared to the mobilities of human reticulocyte lOS globin mRNA, 7S RNA, 5S RNA, and 4S RNA, the mobilities of A and E RNA transcripts corresponded to molecular weights of approximately 190,000 and 170,000, respectively (Fig. 5) (21) Fig. 3 . Also, the DNA sequence for the polymerase III transcription unit near the y-globin gene does not contain sequences characteristic of tRNA. The transcription products observed in this study might undergo further processing or modification in vivo. Because these transcripts were found after relatively long incubations with whole cytoplasmic extracts, they might themselves be the products of processing of even larger primary RNA transcripts. By the same arguments, these RNA transcripts may be related to previously described low molecular weight nuclear RNAs, even though they appear to represent single molecular species (23, 24) considerably smaller than the RNA products observed by in vitro transcription of the DNA adjacent to the globin genes. Jelinek and Leinwand (25) would be concerned only with the regulation of the genes adjacent to it on the same chromosome and not in the regulation of the allelic genes on the sister chromosome.
Another point of interest is the area of homology identified between EcoRI DNA fragment D and the RNA polymerase III transcription products we have observed. It is possible that the homologous sequence in fragment D represents a transcription unit that is not active in our assay system or was inactivated as a result of the DNA selection during cloning. Alternatively, this DNA sequence could be recognized either by the RNA polymerase III transcript itself or by some other element that recognizes the sequence of the RNA polymerase III template.
Analysis of cloned globin genes from other animal species has indicated the presence of repeated DNA sequences, some of which might prove to be analogous to the RNA polymerase III transcription units described here. In the mouse, the 3 major gene and an a-globin gene contain a sequence in common, approximately 200 base pairs long, that is situated approximately 1.5-2.0 kilobases to the 3' side of both genes (28) . In the rabbit, the non-/-globin gene cluster contains multiple tandem and inverted repeat sequences in the intergenic DNA (29) .
The DNA regions that serve as templates, or are homologous to the RNA polymerase III transcription products, account for approximately 2000 nucleotides of the DNA flanking the human non-a-globin genes and therefore account for another 5% of the estimated total of approximately 40 kilobases of DNA associated with this globin gene cluster. These sequences also account for one form of moderately reiterated DNA sequence that is interspersed among the structural genes in animal cell DNA. An understanding of the function of the specific RNA polymerase III transcription products described here may lead to an understanding of the role played by a substantial fraction of the intergenic DNA sequence in animal cell DNA.
